ABSTRACT is paper describes a new approach to the presentation of records relating to formal negotiations and the texts that they create. It describes the architecture of a model, platform, and web-interface (h ps://www.quillproject.net) that can be used by domain-experts to convert the records typical of formal negotiations in to a model of decision-making (with minimal training).
INTRODUCTION
Overview of problem: Many of the foundational texts of the modern world have not been wri en by individuals but negotiated by groups of people in formal se ings. is class of document includes treaties between nations, texts such as the Universal Declaration of Human Rights [31] , negotiated at the United Nations between 1946 and 1948, innumerable pieces of legislation negotiated in the world's legislative assemblies, or Constitutions, such as the one negotiated by the American States in the Constitutional Convention of 1787 [30] , which met between May and September of that year. e records of such negotiations are extremely hard to follow. Typically, the journals published a er such negotiations are a record of the proposals made and votes taken, sometimes with a near-verbatim record of what was said, but more o en with concise descriptions of debate. e principal purpose of these records is to help those involved in the discussions to keep track of the process of negotiation in which they are immersed; intelligibility for later audiences is only a secondary concern. To fully understand how such negotiated texts are created, it is necessary to understand both the temporal sequence of proposals and votes and the hierarchy of decision-making, as proposed amendments are themselves amended and amended before being nally accepted or rejected.
e di culty of following such records limits their utility for researchers. It also restricts broader use in education and outreach. Even a relatively short document, such as the Constitution of the United States, can be the product of many thousands of formal proposals and votes taken. A further complication is that there is no particular requirement that votes be taken in close temporal proximity to the proposal to which they relate, meaning that the context in which a vote is taken on a proposal can be considerably di erent to the context in which the proposal was originally made; indeed, the document may have evolved in the interim to the point that even those who proposed a particular change may vote against it. Providing any kind of detailed commentary on this process, or explaining it in classroom se ings, therefore becomes extremely di cult. It can take many pages of text to explain the evolution of particular provisions in prose. For example, a ground-breaking essay a empting to explain the compromises and maneuvers which created the electoral college as the method for choosing the American President had to interweave analysis with an a empt to describe the changing circumstances in which proposals were being made and decided [22] .
Particular case study: e Federal Constitution [30] has special signi cance as the rst example of a constitution for a large state that was negotiated in this collaborative way, and a Constitution that at the same time incorporated many novel features, not least of which was the compromise between state and national authority that the Convention was able to agree. ose who recommended adoption of the new Constitution were proud of this aspect of its creation. As Alexander Hamilton put it in the rst of the Federalist essays [28] (page 301), "It has been frequently remarked that it seems to have been reserved to the people of this country, by their conduct and example, to decide the important question, whether societies of men are really capable or not of establishing good government from re ection and choice, or whether they are forever destined to depend for their political constitutions on accident and force. " Although the idea of a collectively-wri en constitution may have been novel, the delegates to that Convention were apparently well familiar with a formal, 'Parliamentary' style of conducting business. e rules that they adopted for themselves at the start of the process were relatively brief and specify only a few speci cs, taking much of the process of debate for granted, a fact which underscores the pre-existing and shared understanding of Parliamentary-style processes to those who took part.
OPPORTUNITY FOR MODELING
In these formal processes texts are created through a process that consists of discrete events (such as to introduce new documents, to suggest amendments, to agree or reject proposals) that occur within a sequence that must be understood and also that have a hierarchical relationship to each other. e records typically le by such proposals record both relationships. Participants within any such process would have had access to something which is for the most part lost, which is immediate understanding of the current state of any document they were discussing. However, the very formality of these processes make it possible to reconstruct that context, and doing so transforms the utility of this class of records for a variety of users.
In this paper we present the following contributions:
• We have created a generic platform which can be used to encode the records relating to a wide variety of negotiations, and which can stand alongside and integrate with existing presentations of those records.
• We created a generic model for representing the negotiated of texts proposed by multiple actors.
• We have created a platform where each proposal to change text needs to be entered only once, even if the context in which it is voted on is signi cantly di erent to the one in which it had been created.
• We have established the conventions for the use of this model in a consistent fashion.
• We developed a web-based application to enable domainexperts to construct the model of a negotiation with minimal technical training.
• We have evaluated the ease with which this platform can be used by both domain-experts and by non-expert readers.
RELATED WORK
Parliamentary records are typically presented online as a photographic representation or transcription of original manuscript or print journals [3, 4, [11] [12] [13] 27] . While these provide the bene ts of wider access and, if a transcription is available, being more easily searched, the problem for the reader of fully understanding the context of proposals and decisions remains. On the websites of Parliament and other modern legislative assemblies [20, 29] , graphics are sometimes provided to illustrate the ow of a dra bill through the stages of being referred between commi ees and between chambers, but these provide only a very high-level overview of the process. ese projects focus on providing access to the o cial (and uno cial) records of negotiations. Unlike our project, they do not focus on modeling the negotiations or helping users to understand and analyze the records presented. e most recent versions of Text Encoding Initiative (TEI) have introduced the concept of "genetic editions" [2] that can be used to describe changes to manuscripts, using this technology to describe the evolution of text in a formal se ing would be cumbersome and error-prone. e potential of this genetic edition approach is shown by projects such as Digital Variants [33] . Digital Variants presents the variations between authors' manuscripts, dra s and published editions, highlighting variations in texts. In each case, however, they are dealing with a relatively small number of texts to compare; by contrast a process of negotiation needs to be understood as (even in our case study) thousands of variant texts. None of the various XML transformation languages that we evaluated seemed appropriate for the task as we had identi ed it. In particular, they are too sensitive to changes in a document that make it impossible to describe a transformation once and apply it in evolving contexts in a way that would not produce undesired results, meaning that a proposal might have to be encoded multiple times for di erent contexts.
e distributed version control systems [7, 16, 26] used to track and reconcile changes to computer source code during so ware development solve many similar problems. Most of these systems, however, are tightly tied to the speci c work-ows of developers and the line-oriented texts with which they are dealing.
However, the di -match-patch algorithm [6] developed and released by Google as part of its Google Wave project (an implementation of Myers's algorithm [18] , coupled with a mechanism for applying "fuzzy" or "inexact" patches to a base text) provided a more promising starting point for a platform concerned with the be er presentation of the process of negotiation. Unlike many algorithms for describing the changes to documents as patches and applying those patches, the Google di -match-patch tools were designed to be used in an environment where multiple authors might be working on a document at once, and the order in which patches were received by the participants might vary. is is analogous to a situation in which a proposal may or may not be incorporated in to a document, depending upon whether a decision has been taken on it, and in which the changes that a particular proposal would make to a document might have to be made to a di erent base text to the one in which it was suggested, depending upon the decisions that have been made in the meantime. Working through a variety of test-cases proved that this implementation could be con gured and used to track the process of negotiating a document.
Unlike the work of Kirschner et al. [8] , Reed et al. [21] , Shillingsburg [24] , and Winograd and Floresour [34] our platform seeks to represent Parliamentary processes as they have historically occurred; it does not seek to use computers to impose a di erent and be er structure on the process of debate and argument. It is focused on understanding the creation of documents through historical (or contemporary) Parliamentary procedure, rather than on visualizing, re ning, and in uencing the structure of arguments. Our platform focuses on re ecting the timeline and hierarchy imposed by the formal rules of debate in Parliamentary se ings, which may not strictly re ect the logical structure of arguments directly. [14, 32] , published in 1801, provides a more detailed explanation of Parliamentary (i.e., formal negotiating) procedure as it was understood at the end of the eighteenth-century. is was compared by the authors to other, similar manuals [17, 23] , and a model of formal negotiation produced as a result. Although the intricacies of the rules vary signi cantly between legislative bodies, the authors envisaged a platform which modeled negotiations, not one which enforced particular restrictions. ey therefore constructed a model which could be used to model the creation and negotiation of text, and the passing either of dra documents or amendments between commi ees, as well as one which could track commi ee memberships across time. ey constructed a series of test-cases based on the analysis of these Parliamentary manuals, to ensure that the platform that they developed would be able to model any likely action by a legislative assembly, recognizing that in practice legislative assemblies frequently suspend their own rules or behave in surprising (and less than entirely logical) ways.
However, although there were certain gaps in the records kept of the Convention (principally, the work of smaller commi ees), the records that did exist seemed to contain enough detail of formal proposals and votes taken that the process by which the US Constitution had been negotiated could be reconstructed in large part. Certainly, for be er documented processes of the same type, the o cial journals provide enough information to reconstruct every step of debate. Jackson's 1787 journal did make an e ort to record both the wording of formal motions and the outcome of votes. What is o en less clearly recorded or absent is the record of which way the various delegations voted on any question. In addition, the precise sequence of events within a given day was sometimes recorded di erently by the o cial journal and the various private journals [5] . What was not known with certainty even to specialists before we began this project was whether the origin of every single clause of the nal text could be accounted for by the extant records. We believed that a platform that could satisfactorily model these particular records would have broad application, since in many other processes the kind of uncertainty presented by these sources does not exist.
REQUIREMENTS ANALYSIS
Our primary requirement was the creation of a platform that could present the state of documents during any moment of negotiations.
is would involve storing a representation of the sequence of events within a negotiation (the linear timeline of each committee), in such a way that the agreed state of documents and related information could be calculated and presented to users for any selected moment in time. We anticipated that the research-assistants employed to enter the data would need to have excellent historical skills (because of the issues with the source material outlined above), but with li le or no programming experience. We were also concerned to make the data capturing interface to be as intuitive as possible for non-technical uses. We wished to have an interface for data entry that would be intuitive for users without much technical training, and which would encourage the model to be used in consistent ways over the course of a long project.
We did not wish to duplicate the e orts of other projects. In particular, the images of manuscripts and historic printed sources, transcriptions of those documents, biographies of those in the 1787 Convention, have all been presented online by projects at public institutions such as e National Archives [19] and e Library of Congress [10] , non-pro t organizations such as ConSource [25] and e Liberty Fund [9] , and by projects based in Universities, such as the Electronic Enlightenment Project [15] . All of these projects o er bespoke tools based on their speci c expertise and the nature of the material they are presenting. Rather than compete with their e orts, we decided to make it possible to associate links to these resources with speci c objects within our database, and also provide methods for other projects to link to related information within our own platform.
We knew that those entering data to our platform based on the interpretation of primary source data would need to exercise a certain amount of judgment in interpreting the sources, and that mistakes in data entry were possible. e source materials would raise issues that needed discussion among the editorial team, and the decisions taken would to be documented. Since this project would involve building a model based on the source material, rather than a more mechanical process of transcription, the veri cation of data-entry would involve human judgment. We would need the system to be able to show those running the project which sections of the data entered in to the platform had been checked and by whom.
Since the purpose of the platform was in part to allow detailed commentary to be more easily wri en on the process of negotiation, we envisaged a system of "commentary collections" that would be owned by single or multiple authors. ese collections would consist of an introductory essay and then explanatory text linked to speci c events within the platform. A system for reviewing material was also introduced. ese collections were to have two functions. Firstly, they could be presented to users who were viewing a section of the timeline to which they were relevant. Secondly, they would provide an alternative way to navigate the timelines that the platform would present. Users following the debate over particular topics would be able to use the commentaries related to those issues as a guide.
We decided that the main user interface for both users and editors would be built to work within a web browser, while the database and processing would be stored on a central server. O ering a web-based application would be a ractive to a broad range of users without the need to install special so ware, either for viewing or editing, and would improve our ability to collaborate with teams working at other institutions. We would incorporate a exible permissions system within the platform so that di erent categories of user could be given speci c permission to view, edit, or verify speci c information within the platform. However, once material had been checked and approved for publication, we wanted as much of the platform as possible to be usable without registration. We also want the web-based interface to be highly exible from a methodological perspective.
Due to the imperfect nature of the records from which we were working, we knew that our platform would also have to be able to capture the variation between manuscripts and, to a certain extent, uncertainty as to what had actually happened at particular moments. is was especially true of the records of particular votes, where it was frequently impossible to be certain who had voted in particular ways, even if the outcome of the vote was known.
DATA MODEL
A er an analysis of the common features of Parliamentary-style processes and our requirements, we created a data model that captures the discrete and important elements of a process of negotiation. Each process, or 'Convention', comprises of two main components drawn from the historical data (the 'Delegation' and 'Commi ee' objects) and two that enable us to connect our model to other data ('Resource Collections' and 'Commentary Collections'). Each Delegation is a collection of the 'Person' objects that comprise it; while each Commi ee stores details of its 'Sessions' as an ordered list, and within each of those the details of the discrete 'Events' that take place within that session, again as an ordered list. e Event types were further broken down in to three categories. Firstly, those that concern the creation, proposed amendment, or decisions taken about particular documents. Secondly those that concern the role of individuals (principally, membership of particular commi ees). Lastly, those that concern proposals that do not directly (but might indirectly) a ect the creation or amendment of documents, such as motions to adjourn, or to rule particular proposals out of order. 'Voting Records', storing the details of particular votes, are linked to relevant Event objects.
Consistent use of the model presented by the platform was ensured in three ways. Firstly, a policy document was kept by the editors, and updated as speci c issues were encountered. Secondly, the di erent types of events tracked by the platform was kept to a minimum to allow for an accurate representation of the Parliamentary process. In general, we found that users with a small amount of experience with the platform would use the model in consistent ways because the platform presented them with obvious choices in most situations and required them to make relatively few decisions about how the model would be used. Two to three days of training have proved su cient with a variety of advanced undergraduates and graduate students. irdly, we designed the user interface to force users to capture the sources from which they were working in standard ways, usually by automatically validating the input and requiring active choices within the dialogue boxes presented to users, rather than o ering default selections. We had to balance this with ease of use and the likelihood of error, and made adjustments where appropriate during the four months of the data-entry phase of development in 2016 on the basis of feedback from those doing the work of data-capture and veri cation. ill platform architecture.
ARCHITECTURE
e architecture of the ill platform is presented in Figure 1 . e database stores the relationship between commi ees, sessions, and the ordering of events within each one. ese objects are used to build the "timeline" of events within the platform. e database also stores non-timeline related objects, such as information about the actors involved in the Convention, Commentary, and other Resource objects that can be a ached to particular events, sessions, commi ees, people and delegations, and information about the users of the platform, including their various permission levels. Events themselves were subdivided in to three main groups: those related to the creation and editing of documents (including the creation of documents, proposals to amend them, decisions taken on those proposals, and decisions to refer documents to new commi ees), events related to people (when an individual joined or le a commi ee, for example) and events related to the "procedure" of a given commi ee, such as a motion to adjourn, or more complicated motions that have the e ect of invalidating or altering previous decisions.
Within this system, documents are represented as a proposal to create them and a series of proposals to amend them, together with the decisions taken on those proposals. An event processing layer is able to reconstruct the state of the documents and commi ee memberships for any given moment in the timeline reconstructed from this database. It is this event-processing layer that contains the algorithms for merging together documents on the basis of proposals made and votes taken.
is algorithm must account for the fact that the state of a document relevant to a particular moment of debate must also take in to account the proposal under discussion. at is to say, that a proposal to change an amendment that has not yet been accepted needs to take in to account its parent amendments and any sibling amendments that have been agreed, For any given moment of the timeline, therefore, the processing layer is able to calculate:
• A list of documents currently under discussion.
• A list of proposals that have not yet been resolved (the 'pending' proposals).
• e state of any documents currently agreed or under discussion.
• e state that those documents would be in if any of the pending proposals were adopted (if it is possible to generate this).
• e current membership of the commi ee.
• e information necessary to display various visualizations related to the document and proposal under discussion.
is can be combined with other information, such as links to further resources, that are associated with that moment in the timeline.
Algorithms Used
e text processing layer of our platform implements an algorithm that takes a series of events and calculates the set of proposals that should be included to create the various versions of a text relevant to a particular moment in time. e formal text of the proposals themselves are stored as a series of transformations encoded as di objects. Our algorithm produces texts by combining applying these proposals in the order most likely to result in the intended texts, and makes the necessary adjustments to the sensitivity of the match and patch algorithm to allow the document to be built. e current implementation uses the di -match-patch algorithms [6] wri en by Google and work on plain text. Future versions of the platform may adopt an XML-based solution if algorithms with the required characteristics emerge.
VISUAL INTERFACE
We created a web application called ill (h ps://www.quillproject. net) that would be used both for data-capture and by readers. We were aware that readers would not all require the same level of detail. Whereas those working on data-capture would necessary be most concerned with the detailed sequence of events within a commi ee session, many users of the platform would be be er served with a more general overview of events.
For the bulk of data-entry, which concerns the creation of the model timeline, a view of the commi ee session in question is presented (see Figure 2 ). e timeline of the commi ee is represented by a horizontal series of icons. Around this is displayed information useful to those translating the source material into the model. e current membership of the commi ee is shown, together with summary lists of proposals that are pending for debate. Between each event of the timeline, users are o ered a bu on to allow them to see the exact state of any documents or proposals at that point, and a bu on that allows them to add a new event to the timeline at that location. e la er causes a pop-up form to appear, in which the user is invited to select the type of event he/she wishes to add (see Figure 2 ) -for example, a person joining a commi ee, or a proposal to amend a document. e elds of the rest of the form are adjusted based on this choice. is session display also includes tools for editing existing events and deleting them from the timeline, and other functions needed by those entering data or verifying data entry. Most of the other information required by the platform is entered on the "Full Record" view. is is where the names and members of particular delegations are stored, where the names of di erent commi ees are created. A page devoted to each commi ee shows a listing of all of its sessions and allows those to be added to. is page also shows users with the appropriate permissions an overview of which commi ee sessions have been veri ed, and by which users.
New users of our platform are guided to the "Secretary's Desk" view (see Figure 3(a) ). is combines a list of all of the Convention's Subcommi ees, a sense of when they met (represented simply as a timeline showing their rst and last session), and a timeline of the individual sessions for any selected commi ee. A small chart under each session gives a quick sense of the number of individual events contained within it, while mouse-over information provides a more detailed view. For any selected commi ee session, we display a list of documents under discussion, indicating any whose text is altered by that day of debate, and any unresolved proposals that relate to a selected document. If users select a document, its current text is displayed in the center of the screen, and users can choose to highlight the text that was altered by the selected session's debate. If they select an unresolved proposal, they can likewise see the a ect that adopting that particular proposal would have on the state of the document. If users want more detail they can easily click through to the more detailed session view.
A similar set of metaphors is maintained in the more detailed visualization of each session (see Figure 3(b) ). Along the top of the screen is a horizontal representation of the timeline of that commi ee session. Down the le hand side of the screen are lists of documents and proposals currently under discussion. Users who click on any of these documents are presented with their current agreed state, and clicking on any of the pending proposals shows the state of the documents that they would create. e center of the screen contains the text relevant to the proposal selected in the timeline. For proposals to amend documents, this is:
• e "agreed text" of the document. is is the text of the document if the document were simply accepted as nal in its current state, with no further debate.
• e "proposed text" envisaged by a particular proposal.
• e "intermediate text" that this proposal amends. at is to say, the state of the document including any parent proposals of this text including any relevant sibling proposals.
• A display (the "markup text") that highlights the di erence between the "intermediate" and "proposed" texts.
On the right hand side of the screen is an area where users can choose to display either the details of the selected event or a variety of other tools. A 'Document Complexity Tree' shows all of the proposals and decisions that have formed the document relevant to the selected proposal in to its current state (see Figure 4 ). e proposal under discussion appears highlighted at the top. By navigating both the linear timeline at the top of the screen and using the complexity tree presented on the right hand side of it, users can quickly understand the relationship between di erent proposals and the way in which they shape the creation of documents. e display of the tree of decisions that make up a document shows the extremely careful and o en word-by-word nature of these negotiations, and provide an alternative method of navigation, allowing users to navigate decisions by hierarchy rather than by timeline. As other negotiations are modeled, it will become possible to compare the structure of decision-making between processes. Further tabs provide access to commentary collections relevant to this event or links to resources held in other collections relevant to this event.
Readers might want more of a sense of the structure of decisionmaking within the Convention as a whole. We can display the ow of documents between commi ees, or a display representing the overall hierarchy of decision-making within a process of negotiation, presented as a radial tree with the various commi ees, the documents they consider, amendments on those documents, and any subordinate amendments or decisions, radiating out from the center. A particular challenge is to t this display on to smaller screens, and we o er users a choice of compact and expanded views. e in uence of particular delegations within the Convention is captured on a summary screen that shows two graphs. e rst of these is created from a principle component analysis of the matrix of votes within the Convention, and gives a sense of how likely di erent delegations were to ally with each other. Users can choose a one-, two-(the default), or three-axis display. A bar graph represents how many proposals were made by members of a particular delegation, and how many of those proposals were accepted or rejected. A separate display allows the success or failure of di erent delegations during particular votes, presented as a spine chart. e overwhelming majority of e ort, as far as data-capture was concerned, was to convert the records of the Federal Convention in to a timeline of speci c events. ose converting the records in to this model would read through the parallel records of each commi ee session (where multiple records existed), and decide how to reconcile any con icts between the records. ey recorded such decisions in a private "editors' commentary" as part of the process. It was initially envisaged that reconciling the records in this way might be impossible -especially if competing forms of words were found recorded for the same proposal in di erent sources. e platform was therefore designed to allow for competing versions of the Convention timeline to be captured. However, it was found that in practice these features were not needed and that (where records existed at all) it was always possible to reconstruct the timeline of particular sessions if records were carefully reconciled by subject experts. e advantage of designing a platform for ease of use by non-technical users was that that those recruited for data-entry could be selected for their subject-ma er expertise. Due to the nature of the material and the model, an automated process for ensuring the accuracy of data entered in to our system was not possible. We implemented a system that would allow the data entry for each session to be marked as veri ed and for those in charge of the project to view who had entered and who had checked each section of the data.
Data entry was made intuitive for non-technical users with a few hours of training and supervised practice. e most frequent type of event in our model of the Constitutional Convention debates is the "Document Amendment". ose working to enter the data select the point in the timeline where they wish to insert an amendment. ey then select the document they wish to amend, and whether they are amending the base document or one of the proposed amendments. Once they have made this choice, the platform presents them with the current state of the text at that moment, which they are invited to edit to re ect the state of the document as it would be if the new amendment were to be accepted. ey also enter other information, such as the source from which this event is taken, a free-form description of the event, and any known proposers of the amendment. When they have nished, the platform calculates the di erence between what the user was presented and what they returned, and associates that patch with the new event.
e next most frequent type of event is a "Decision Event". is records a decision on a particular proposal, be it to alter the text of an amendment, to adopt a section of text in to a document, or to accept or reject a document as a whole. ere was considerable inconsistency in the records as to the level of detail with which such decisions were recorded. Sometimes the records record with certainty exactly which delegations voted for or against particular motions; sometimes only the totals on each side were known; sometimes only the outcome was known. Again, it was feared that the extant records might provide con icting accounts, and so the platform was designed to allow competing accounts of the votes on particular questions to be displayed, or simply the uncertainty created by the records itself to be represented.
It was sometimes necessary to infer from the records that a particular decision had been taken. For example, it was the practice of the Convention to debate and amend sections of text and then to approve or reject the amended section as a whole. Sometimes, this approval is not recorded in any of the extant sources. is may re ect the fact that the Convention was inconsistent in applying its own procedure, but it is equally likely that a unanimous consent to accept a section as amended and move on to the next order of business was simply not recorded by the Secretary as such. Our model, however, required the insertion of "Decision Events" to capture what the editors inferred to be a decision to agree text and move on. Such interpolated events are clearly marked within our platform.
e need to include them highlights the fact that this project produces a model of negotiations, not a literal transcription of source material. It may be obvious from the sources that a particular piece of text has been agreed, even if there is nothing in them explicitly stating the fact.
e implicit rejection of text is a li le more complicated. It will be the case in the course of a negotiation that particular suggestions that have been scheduled for debate have simply been overtaken by events -the section of the document to which they refer may have been altered in ways that make the suggestion redundant, or a similar suggestion may have been debated and agreed. In some cases, debate on an issue may simply be managed in such a way that a formal conclusion is never taken, perhaps to avoid the embarrassment of those involved. In these situations, there may never been a formal rejection of a proposal, and even to infer one at a speci c point in the timeline may be misleading. For this reason, as well as marking proposals as "accepted" and "rejected", the ill platform's model includes the ability to mark a proposal as "dropped". From the point of view of the model, this has an identical e ect to marking a proposal as rejected. It is removed from the list of pending proposals, along with any child amendments, and it is not incorporated in to the document. However, including this as a speci c type of event allows a more accurate representation of the process of negotiation than the simple binary choice of accepting or rejecting a proposal, and can be made visually distinct for users.
e most surprising aspect of the platform for new users is that most documents debated by the Convention need to be represented at least twice. Most commi ees do not work from a blank sheet of paper, but work from an initial base text, either suggested by one of their members or passed to them from another commi ee. Frequently, they work through this document line by line or paragraph by paragraph, and in so doing produce a new report. e Constitutional Convention operated in the following way: a framework set of proposals, or suggested document (such as the famous "Virginia Plan") would be o ered to the Convention. is would be referred to a sub-commi ee -in the case of the Virginia Plan, the whole Convention si ing as a subordinate commi ee.
is commi ee would work through the document section by section and clause by clause, and produce a report for the Convention to consider. e Convention would then work through this report, again amending section by section and clause by clause. In this way, everything would have been considered at least twice, once by each commi ee.
In a world of paper, quill, and ink, this process created a signicant record-keeping challenge, which it would have been the task of the secretary to manage. As the Convention or subcommi ees worked through the documents referred to them, he would have had to write out the new text on clean sheets of paper. No doubt these sheets of paper rapidly became untidy and even hard to follow, and perhaps it is for this reason that they were not entrusted to Washington for safe-keeping but were instead deliberately destroyed, even though copies of the various base documents are extant.
When represented in the ill platform, this process looks identical. If a commi ee is working through one document to create its own report, the initial document is not shown as amended, but rather the clauses of it are modeled as being gradually incorporated in to a new document, which represents the report of the commi ee.
We were also concerned to make it easy to encourage precise commentary and accurate record-keeping. For users with appropriate permissions, a bu on to add commentary to any event within a timeline was presented, which presents the user with a pop-up form. Authors creating commentary collections use this bu on to add their comments. e data-entry team used this same system to ag issues within the timeline which required review.
USER EVALUATION
We built the core of the platform and web interface over the course of the academic year 2015-6. e platform was then opened to three interns working at the Utah Valley University's Constitutional Studies Center.
ese interns were given several days of training via video-link and then encouraged to experiment with the platform. ey were encouraged to try modeling parts of the 1787 Convention records using the platform.
ey were able to accurately and consistently use the model, and highlighted a number of de ciencies in the user interface for both data-capture and readers. A detailed record of their observations and suggestions was kept, and used to inform modi cations to the platform and a set of editorial conventions that would be used to model the records of negotiations consistently. Although other team-management tools were initially used, it eventually became apparent that the ill so ware itself provided by far the best record of this set of editorial decisions.
From June to October 2016, a recent Oxford University graduate in history (a co-author of the paper) was employed to do the work of the data-entry for the 1787 Convention, using the 1911 publication of the records, and a graduate in law employed at Oxford from September onward to assist with veri cation. We were ourselves surprised by the complexity even of the short negotiation covered by our case study. We had originally guessed that this would require around ve hundred events, but the nal model of the Convention required close to four thousand. Interns at the Utah Valley University continued to assist with veri cation, with some of the ancillary and less historically di cult data-entry tasks. Data capture for the 1787 Convention was completed in approximately three and a half months in total. We estimated that approximately a day of work on data-capture was required for each day of the Convention itself, though this time varied signi cantly depending upon the state of the records. None of those working on the dataentry or veri cation required speci c technical training beyond a few days' training on the speci cs of the ill platform and a discussion of the assumptions of the model. roughout the process of data-capture, a record was kept of any aspect of the Convention records that had been di cult to model and the ways in which those di culties were resolved. At the end of this process the two graduate students involved in the process of data-capture wrote a detailed data-entry guide, that incorporated the decisions taken by the editorial team during the process as particular circumstances had been encountered. is data-entry guide is intended for use in future work.
We have subsequently held a workshop to evaluate both the readers' interface and the interface for data-capture. In the workshop we invited users unfamiliar with the platform to explore the records of the 1787 Constitutional Convention, and to a empt to encode one day of negotiation which was part of the process for creating the Universal Declaration of Human Rights (negotiated at the United Nations 1946-8) [31] . e participants in this workshop were unfamiliar with the platform, from a range of disciplines, and ranging in education level from graduate-students through to senior researchers. A er an hour of introduction to the platform, all of them were able to grasp the basic use of the platform from a readers' perspective and understand the basic conventions and metaphors used by the web interface. All of them were able to understand how to create the basic records related to the work of a process of negotiation. Most of them were able to translate the documents given in to an accurate model of the start of the day of negotiation given. In feedback, users commented that the hardest part of this process was understanding the conventions of the minutes in question not the use of the technology they had been given. is con rmed our view that, as far as data-entry is concerned, our platform was appropriate for use by domain-experts working within properly-agreed guidelines.
We have invited several domain-experts to prepare commentary collections for us relating to speci c questions raised by the records of the Convention. We have already published the rst of these, by Lindsay Chervinsky, who was completing her PhD on the idea of a President's cabinet. 1 ose who have no other experience of data-entry have found it easy to a ach commentary to speci c objects within our timeline.
Other Feedback and Suggestions
We have been asked by various researchers to make adjustments to the platform to allow it to be used for a wider-range of material (especially that relating to foreign-language material), and to be used to capture debates in real-time as well as working from historical materials. In the la er case, we believe this can be achieved mostly through hiding options, and in particular the ability to edit the timeline arbitrarily.
Adopting a suggestion frequently made, we will be extending the platform to improve the machine-readable interfaces. In particular, we will implement an XML output, using TEI conventions [2] . Although this is likely to result in an extremely complicated set of XML documents, but it would be suitable for archiving and importing purposes.
Conclusions and Future Work
We have developed a system that allowed domain-experts with minimal technical training to model the almost four thousand proposals and votes that created resulted in the text of the United States Constitution, even when working from imperfect records.
e history of the nal text of the Constitution can be accounted for within our model, from beginning to end, and although the platform does have the ability to present places where the text is uncertain because of con icts in the manuscripts, there were no discrepancies substantive enough to warrant it for the 2016 presentation of the records. Such variations as there are relate to extremely minor points of capitalization and spelling. e nature of the records was such that it required signi cant expertise to accurately model. e reconstruction o ered would not have been possible from any one of the surviving sources, but taken together and used systematically and rigorously, we believe they capture the complete work of the Convention's formal business for all of the commi ees where James Madison and William Jackson were present. For other, smaller commi ees, we have been able to show the speci c text that was given to them to consider and the report that they returned. ese areas of darkness, however, are much smaller than might be assumed, and the process of producing this edition has generally reassured, rather than challenged, our con dence in the extant records.
Our model is not tied to the presentation of these particular records, but rather intended to be deployed for a wide range of records. We are currently identifying targets for future work, and will be expanding the platform to assist with the presentation of multi-language texts. Expanding the range of materials held within our database will enable us to both quantitatively and qualitatively compare and contrast di erent processes of negotiation.
We are also keen to make the material we are presenting useful in a classroom se ing, and especially in the classroom se ings of the United States. We are currently in discussions with non-pro t organizations that work to generate classroom material to highlight several potential approaches. Firstly, we would need to provide an easy way for content-creators to integrate our material in to their existing lesson plans. Secondly, we would need to provide them with an interface that would let them create resources suitable for classroom use within our platform.
We believe that this platform is relevant to the presentation of records held on the negotiation of treaties, constitutions, and innumerable pieces of legislation created in Parliamentary se ings. We believe that this platform has the potential to democratize understanding of these complicated processes and transform the utility of existing digitized collections for a wide range of audiences.
